A cell line (BHFTE) was derived from a tongue explant of a bighorn sheep fetus (Ovis canadensis nelsoni). The cells have been maintained through 23 serial passages, and the modal number of chromosomes was calculated to be 55. Monolayer cultures were shown to be susceptible to various viruses, including bluetongue virus (BTV). Of 5 BTV serotypes (2, 10, 11, 13, and 17) tested, each produced a cytopathic effect (CPE) on initial passage at 33 C. A field isolate (serotype 10) of BTV from a black-tailed deer (Odocoileus hemionus columbianus) in its second passage in Vero-M cells also produced CPE when inoculated into BHFTE cells.
Bluetongue is an endemic disease in the United States 11, 12, 17, 18, 21 affecting domestic and exotic ruminant species. The clinical expression of the disease occurs most dramatically in sheep, 12, 19 but cattle sporadically demonstrate clinical lesions and associated abortions. 4, 17, 21 Bluetongue has 20 to 24 known virus serotypes, 4, 21 of which 2, 10, 11, 13, and 17 are present in the United States. Because each serotype varies in virulence in its host, the rapid isolation and serotyping of bluetongue virus (BTV) would assist greatly in the prevention and control of this disease. The current methods for the isolation of BTV from field specimens are expensive and time-consuming. Presently, the virus is adapted in an in vitro system by passage in 9-12-day-old embryonated chicken eggs (ECE), 5, 8 with subsequent serial passage onto susceptible cell culture. 3, 4, 7 The sensitivity of BTV isolation procedures vary depending on the type of cell culture used, 2,3,20 the route of ECE inoculation, 5, 8 and the temperature for incubation. 9 Bluetongue virus has also been isolated by inoculation of sheep 6 , 24 ; however, this method poses logistical problems. The field specimens of choice for the isolation of BTV are fresh, unclotted blood 1, 7, 17 and bone marrow. 17, 21 Because BTV is highly membraneassociated, 12, 17 procedures to enhance the release of BTV from cellular organelles and membranes must be employed prior to inoculation of ECE or cell cultures.
In this report, we describe the establishment of a cell line (BHFTE) derived from a fetal tongue explant of a bighorn sheep, Ovis canadensis nelsoni, and its use in the isolation and identification of BTV and the susceptibility of the cell line to selected mammalian viruses.
Materials and methods
Bighorn sheep fetus. A uterus containing a fetus from a bighorn sheep, 0. c. nelsoni, a subspecies found in the San Gabriel Mountains of California, was obtained from a clinically normal bighorn ewe that died during capture. The intact uterus was shipped on wet ice to the virology section of the Diagnostic Laboratory at Davis, California. A female fetus of 25-30 cm from crown-to-rump, typical of a second trimester (3 to 4 months) fetus, was removed from the uterus. The fetus was in good condition with no evidence of hemolyzed tissues.
Preparation and morphology of the bighorn tongue explant cells. The tongue from the fetus was removed and placed into sterile saline containing 100 µg/ml of gentamicin. The tongue tissue was cut into small pieces (2 x 2 mm), which were placed on the bottom of 2 flasks (75 cm 2 ). A 5-ml volume of Dulbecco's or minimal essential medium (MEM), containing 10% fetal bovine serum (FBS), 1-glutamine (4 mM), and gentamicin (100 &ml), was added to each of the flasks and incubated at 36 C. Both flasks had a 50% monolayer within 9 days postincubation. The cell monolayers were trypsinized and the resultant cells filtered through sterile cheesecloth. These cells were centrifuged at 150 x g for 15 min and passaged at a 1:2 dilution in 75-cm 2 flasks. The flasks were completely monolayered within 7 days. By the third passage, the cells were split 1:3, and complete monolayers were present in 3-6 days. The cells at passages 2, 7, 8, and 10 were examined for the presence of bovine viral diarrhea (BVD) virus, mycoplasma, and Chlamydia. Karyology was done by described methods 10, 13 at the 1lth passage.
Clinical specimens. Whole sheep or bovine blood samples comprising (197) individual specimens received in anticoagulant were centrifuged at 500 x g for 10 min. The plasma was removed and the resultant cell pellet was washed once in MEM containing 200 µg/ml of gentamicin. The blood was then centrifuged at 150 x g and the pellet diluted (20% v/v) with 1:1 viral transport medium (MEM containing 0.1% NaHCO 3 , 0.35% HEPES [N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid], gentamicin [250 µg/ml], kanamycin [50 µg/ml], fungizone [1 µg/ml], and 1% horse serum) and buffered lactose peptone stabilizer. 23 The specimen preparations were stored at 4 C until BHFTE cells were ready for inoculation. Prior to inoculation, the suspension was vortexed and then sonicated at a 300-watt setting for 30 sec in a cup horn a with crushed ice. After centrifugation, a l00-µ1 volume of supernatant fluid was inoculated into each of 3 chambers of a 4-chambered slide containing 24-hr monolayers of BHFTE cells. The fluids were adsorbed for 2 hr onto the cells and then refed with 500 µl/well of maintenance medium that consisted of MEM with 2% FBS, 1-glutamine, 10 mM HEPES buffer, gentamicin (100 µg/ml), and kanamycin (100 &ml). Sixty of these blood specimens also were inoculated into 5 or 6 ECE. Of the 197 blood specimens, 193 also had serum submitted, which was used to determine antibody to BTV by the agar-gel immunodiffusion test. 14, 16, 18 One hundred twenty-one tissue specimens were submitted with the preceding blood samples and 51 additional tissue specimens with blood samples were submitted. Ten of these specimens with a clinical diagnosis of bluetongue were examined in both ECE and BHFTE cells. Bone marrow and pooled tissue homogenates of spleen, lymph node, and lung for BTV isolation were prepared as 10 to 20% (w/v) suspensions, sonicated, and inoculated similarly onto BHFTE cells. The homogenates of hemorrhagic chicken embryos inoculated with tissue (lung and ulcer) and blood from a domestic sheep and an Arabian oryx were processed as previously described.
Viral susceptibility of BHFTE to BTV. Monolayer cell cultures at passages 8 and 13 of BHFTE on slides were inoculated with reference BTV serotypes 2, 10, 11, 13, and 17. b A BTV isolate (serotype 10) from the bone marrow of a black-tailed deer, Odocoileus hemionus columbianus, and a BTV field isolate also were inoculated into BHFTE cells. A 1:10 dilution of each reference BTV and a black-tailed deer and a field isolate in maintenance medium were used as inocula. All inocula were stored at 4 C and were used within 24 hr. A 20-µ1 amount of each inoculum was added to each of 3 wells of separate 4-chambered slides; the remaining well served as an uninoculated control. The viruses were allowed to adsorb onto the cells for 1 hr at 33 C, then 500 µ1 of maintenance medium was added to each well. After incubation at 33 C, the slides were fixed at 3-7 postinoculation days (PID) in cold acetone for 10 min, air-dried, and then stored at -70 C until stained by fluorescent antibody for BTV. Five different pools of serotype 17 of BTV and the black-tailed deer isolate propagated in BHFTE cells were titrated in BHFTE cells.
Virus isolation was also attempted on blood from experimentally BTV-infected sheep and pools of BTV-infected biting gnats, Culicoides variipennis. c All specimens were vortexed, sonicated for 30 sec, and centrifuged at 150 x g for 10 min. All specimens were passed through a 0.2-µm filter prior to inoculation to remove bacterial contaminants.
Viral susceptibility of BHFTE cells to selected viruses. Duplicate monolayer cultures of BHFTE cells in 25 cm 2 were inoculated at 33 and 36 C with each of the 12 viruses listed in Table 3 to determine the range of viral susceptibility of the BHFTE cells. Each virus inoculum was diluted 1:5 in maintenance medium, and a 500-µ1 inoculum of virus was added to each flask and virus was allowed to adsorb onto the cells for 1½ hr. Each flask was then re-fed with 4.5 ml of maintenance medium (MEM with 2% FBS) and incubated. Cultures were observed daily for cytopathic effect (CPE) over a period of 13 days.
Fluorescent antibody test (FAT). Cell cultures inoculated with clinical specimens for BTV were fixed in cold acetone for 10 min after 1 washing in medium. The fixed slides were air-dried and stored at -70 C. The cell cultures were stained with a conjugate b specific for BTV diluted 1:10 in phosphatebuffered saline (PBS) (pH 7.2) containing 0.01% Evans blue as a counterstain. The cell culture monolayers were incubated with conjugate in a humid chamber at 37 C for 30 min. The slides were washed 3 times in PBS and once in distilled water. The slides were dried, mounted with buffered glycerol, pH 8.8 to 9.0, and scanned for cytoplasmic fluorescence using a 40 x objective mounted on an epifluorescence microscope d with a 450-490-nm exciter and LP520-nm barrier filter. Photographs were taken using a 40 x objective and black and white 400 ASA film. e Karyology of BHFTE cells. Passage 11 of the cells were prepared for karyology by a previously described procedure. l 3 Slides were stained with a DNA fluorochrome (bisbenzamide) stain lo and observed under an epifluorescence microscope d with a BP 365/12-nm exciter and an LP397-nm barrier filter. Chromosomes in 55 fields were counted and photographed with 400 ASA color film e using a 100 x oil immersion objective.
Electron microscopy. The black-tailed deer BTV (serotype 10) was inoculated into cultures of BHFTE cells grown in 150-cm2 tissue culture flasks with maintenance medium. The CPE was allowed to progress until 75 to 100% of the monolayer was involved, then the culture was frozen at -70 C. The culture was subjected to 3 cycles of freeze-thaw and the supernatant was collected, centrifuged at 150 x g for 10 min, and filtered through a 0.2-µm filter. The supernatant was 
Results
The morphology of the primary cells of bighorn tongue explant were fibroblastic in appearance with a distinctive swirling pattern. The early passages contained extremely long, fibroblastic cells; however, after 6 serial passages, these cells changed and a uniform, epithelioid type cell was the predominant morphology present (Fig. 1A) . The cells at different passages were negative by FAT for BVD, mycoplasma, and chlamydia. At serial passage 11, the chromosome modal number was calculated to be 55 chromosomes ( Table  1 ). The cells have undergone 23 passages in our laboratory and grow better in plastic-chambered slides than in glass. The susceptibility of the cells at serial passages 8 and 13 to various serotypes of BTV is shown in Table 2 . The cytopathic effect (CPE) in BHFTE cells produced by BTV isolated from black-tailed deer (serotype 10), which had been through 1 ECE passage and 2 passages in Vero-M cells, is shown in Fig. 1B . The similar CPE produced by each of the 5 reference strains of BTV (serotypes 2, 10, 11, 13, and 17) at 33 C consisted of vacuolization, rounding, and production of highly refractile cells with cell pseudopodia (retraction) containing teardrop-like projections (Fig. lC, 1D) . A field strain of BTV (serotype unknown), tested at 33 and 36 C, produced CPE only at 33 C ( Table 2) . These viral cytopathic changes occurred within 3 to 5 PID. The virus titers of 5 pools of BTV (17) in these cells ranged from 4.0 TCID 50 /ml to greater than 4.3 TCID 50 / ml. The black-tailed deer isolate had a titer greater than 3.0 TCID 50 /ml.
The results of the inoculation of whole blood from sheep and suspensions of the gnats at the l0th, 1lth, and 13th cell passages are shown in Table 2 . Virus was isolated from 1 of the gnat suspensions after 2 passages in BHFTE cells ( Fig. 2A) and was identified by FAT. Two of the blood specimens from experimentally inoculated sheep were positive for BTV antigen by immunofluorescence after 1 passage, but CPE was not observed ( Chromosomes arrested in metaphase were counted following their staining by the (bisbensamide) stain. * Modal number of chromosomes; 2n = diploid number of chromosomes. with suspension of hemorrhagic chicken embryos harvested from ECE inoculated with blood and tissues from a domestic sheep and blood from an Arabian oryx ( Table 2 ). The viruses were identified as BTV 17 and 13, respectively. b
The susceptibility at passages 11 and 12 of the BHFTE cells at 33 and 36 C to selected bovine viruses, epizootic hemorrhagic disease virus (EHDV) types 1 and 2 of deer, equine rhinopneumonitis, and transmissible gastroenteritis viruses is shown in Table 3 . The bovine rota-and coronaviruses and TGE virus of swine did not produce CPE in BHFTE cells at either incubation temperature. All other viruses tested produced CPE in BHFTE cells ( Fig. 2B-D) .
All the strains of BTV tested produced a particulate fluorescence in the cytoplasm of the cell (Fig. 3) . The nuclei of all the cells stained a pale green fluorescence that was considered to be nonspecific. The viral product of BTV of the black-tailed deer propagated in BHFTE cells was examined by EM for the presence of viral particles. The aggregates of particles seen follow-ing PTA staining had a hazy appearance and ring-like capsomeric structures on the surface of the virions. The calculated size of the viral particles was 63 nm and was typical of the morphology of the orbivirus genus ( Fig. 4) .
Of 197 sheep and cattle blood samples, which also had 193 sera submitted, 84 were seropositive for antibodies to BTV and 109 were seronegative. All 197 blood samples were negative for the presence of BTV by BHFTE cell inoculation. Sixty of these blood specimens inoculated directly into ECE and in BHFTE cells were negative for BTV. Ten specimens of blood samples and tissues from animals suspected of clinical bluetongue were also negative in ECE and BHFTE cells.
To date, 94 field accessions representing 369 specimens from 246 animals, in which bluetongue was a differential diagnosis, have been tested in BHFTE cells and examined by immunofluorescence with negative results.
Discussion
Bighorn sheep have been reported to be susceptible to BTV. 12, 15, 22 Two races (subspecies) of bighorn sheep in California are threatened. Therefore, the ability to cultivate cells from a fetus obtained from a ewe that died during a capture by net provided an opportunity to examine the susceptibility of tissues from this species to BTV and other viruses. The susceptibility of cells derived from a tongue explant (BHFTE) to support 5 serotypes of BTV and the replication of BTV (17) with CPE at 33 C on the first passage suggests that these cells may be useful in the diagnoses of BTV infections. The BHFTE cells were susceptible to several selected bovine viruses and EHDV type 1 and 2 viruses of deer. Bluetongue virus in blood from experimentally infected sheep and in a suspension of gnats (Culicoides variipennis) was isolated in these cells. Recently, the BHFTE cells were found to be susceptible to a poxvirus from deer (V. M. Becerra, personal communication).
Three hundred sixty-nine field specimens in our laboratory with a differential diagnosis of BTV were all negative for BTV. Many of the ruminants had diagnoses that ruled out BTV as the etiology, and some specimens were routine health screens. Also, some blood specimens may have been incorrectly handled and shipped or collected beyond the viremic period (maximum virus yield) in the animal, which appears to decrease by the 26th to 40th day following BTV infection. 1, 18 The presence of antibody in 84 blood samples and its potential to neutralize BTV may explain some of the negative results.
The isolation of BTV from homogenates of gnats (Culicoides spp.) suggests that these cells may be useful for the testing of samples of captured Culicoides spp. for BTV from specific geographic areas. Because the cells are susceptible to infection with the 5 known BTV serotypes in the US and other mammalian viruses, they can be used to serotype isolates of BTV and other viruses by serum neutralization with specific serotypic serum. The cell line, which is free of mycoplasma and bovine viral diarrhea virus, offers another cell culture system for virus research and diagnostic medicine.
